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(54) Water blown potyurethane integral skin foam having improve 



(57) This invention relates to a process for prepar- 
ing integral skin foams from a specific reaction mixture. 
The isocyanate of this reaction mixture comprises a sta- 
ble, liquid MDI based prepolymer containing an aflo- 
phanate-modilied MDI, and having an NCO content of 5 
fo 30%. This isocyanate comprises the reaction product 
of an allophanate-modified MDI and a polyether polyol. 
integral skin foams prepared from these allophanate- 



properties and improved resistance to Taber abrasion in 
comparison to conventional isocyanate prepolymers. 
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Description 



BACKGROUND OF THF liWFfjnrm 
« Field of the Invention 

TOsinvertion relates to integral skin foams having improved properties, and a process for the production of these 

10 Liquid diphenyimethane diisocyanates and their use in the preparation of integral skin foams is generally known in 
SHIEST 2? , d * he ^ ethane diisocyanates include, for example, isocyanate - 
phanate-group containing ,socyanates, carbodiimide group containing isocyanates, biuret group contafoing sow- 
anates, etc. These are descried in, for example, U.S. Patents 3,644.457, 4,055,548, 4 1 15 429 4 118 4l7 4 160^ 
4,261,852,4,490,300,4,738,99^4,866,103,^08 994,890. 4.118,411, 4,160,060, 

rs integral sWn foams prepared from polyurelhane are also wen known in the art. These are described in for examcle 

iSSfS?^" 18, 3 " 726 ' 952, 3 ' 836,487 ' 3 ' 925 ' 527 ' 4 '° 20 ' 001 - 4 '° 24 '° 90 ' 4 ' 065 ' 410 ' 4 ' 305 ' 991 "^SS 

2!!? 3>644,4 i 7 f i f Cl ° SeS r00m tem P erature 51313,6 B ^ isocyanates derived from one mole of diphenyl- 
methane diisocyanate and 0. 1 to 0.3 mols of pofy-1 ,2-propyiene ether glycol 
20 US. Patent 4,055,548 discloses liquid isocyanate prepofymer compositions obtained by reacting polymethylene 
polyphe^socyanate fining from about 65 toK 

oxyethylene glycol having molecular weight of from 200 to 600 in an equivalent ratio of 0 0185 to 0 15 1 

U.S. Patents 4,1 15,429 and 4,1 18,41 1 disclose lew temperature {as low as -5°C). storage stable liquid diphenyi- 
methane OHSocyanates which are produced by reacting diphenyimethane diisocyanates having a specified 2,4-feomer 
ss content with propylene glycol or pofy-1 ,2-propylene ether glycol. 

r„Ji S ' P ^T t I' 261 ' 852 disc,oses polyisocyanate compositions comprising (a) the reaction product of 90 to 
50% by weight of a reaction product of diphenyimethane diisocyanate and a polyoxypropvlene diol or trioi having a 
hydroxy! equivalent weight of from 750 to 3000. said reaction product having an NCO content of from 8 to 26% by 
weight, and (b) rrom about 10 to 50% by weight of a diphenyimethane diisocyanate corrtair.mg from 30 to 65% by weight 
of dpneny/methane diisocyanate. the remainder being pclymeihyiene polypheny! potyisocyanate 

U.S. Patent 4.490,300 discloses room temperature stable liquid isocyanates which are derived by reacting dione- 
^0^^^ 30 a ' iPha1iG di0f haVin9 3 Pendant ar ° ma!iC y0UPl **■ 2 - me1h y | -2-pheny|.i, 3 -pTopane- 

US. Patent 4,490,301 discloses room temperature stable liquid isocyanates which are derived by reacting dtohe- 
nylmethane diisocyanate with monoaUyiether of trimethylolpropana 

U.S. Patent 4.738.991 discloses organic polyisocyanates characterized by allophanate linkages which are pre- 
pared by reacting an organic polyisocyanate including 2,4- and 4,4-methylenediphenyl diisocyanate with poly- or monc- 
hydnc alcohol in the presence of an organometallic catalyst The catalyst is then deactivated using a compound such 
as an inorganic and, organic acid, organic chloroformate or an organic acid chloride. This reference also discloses that 
flexible foams can be prepared from these allophanate group containing isocyanates. All of the examples relate to TDI 
based allophanate group containing isocyanates, and only one of these prepares a high resilience ftexWe foam 

U.S. Patent 4,866,103 discloses a polyisocyanate composition for use in producing elastomers in a RIM process 
This polyisocyanate composition is the reaction product of an alcohol and/or thiol having an average functionality of 
from about 1.5 to about 4 and an average equivalent weight of at least 500 with at least 2 equivalents per hydroxyl 
and/or thiol equivalent of an organic polyisocyanate including 4,4- and 2,4-isomers of diphenyimethane diisocyanate. 
The disclosed reaction is carried out under conditions such that at least about 20% of the initially formed urethane 
and/or thiourethane groups are converted to allophanate and/or thioallophanate groups 

Another process for the preparation of aJIophanates which contain isocyanates is disclosed in British Patent 
994,890 which relates to the reaction of urethane isocyanates with excess diisocyanate either by heat alone or in the 
presence of a catalyst such as a metal carboxylate, a metal chelate or a tertiary amine, until the isocyanate content is 
reduced to that which is obtained theoretically when the complete reaction of (he urethane groups is achieved. 

U.S. Patent 4,160,080 discloses a process for producing allophanate-containing aliphatically and/or cycloaliphaB- 
cally bound isocyanate groups. In this disclosed process, compounds containing urethane groups are reacted with 
polyisocyanates having aliphatic and/or cycloaliphalic isocyanate groups in the presence of a strong acid. The process 
is generally conducted at a temperature of from 90°C to 1 40°C for about 4 to 20 hours. 

Japanese Patent Application No. 1971-99176 discloses a method of preparing liquid diphenyimethane diisocy- 
anate by reacting diphenyimethane diisocyanate with an aliphatic monovalent alcohol. 

integral skin foams are described and prepared in US. Patent 4,305,991. These foams are prepared from a reac- 
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to mixture containing a polyisocyanate wherein the isocyanate groups are afiphatically and/or cydoaliphatcally 
tound. These pdysocyanates may contain adducts such as, for example, carbodiimide-, alternate* isolate- 

5 . Pat6n ! V 66 ' 183alS0 d6scribes irrt6 9 rai *n foams. The poryisocyanata imposition used therein has an 

^ C ^1J ab ° Ut1et0 25% - and COnSistS 0f i} from 10 1° W parts by weight of TL^natXvta a NfjS 
™ 1 "> 22% fe Wed by Wending methylenebisCphenyl innate) and a canSd 

™ 21 ** J from 0 1° 90 Parte by ««ght of a modified isocyanate having an NCO content of about 18 to 25% 
ESE?" 8 meth y |enebis <P n6n y feocyanato} with poty-1 ,2-propylene ether glycol. The presence of 
the carbodiimide-modified isocyanate in the prepolyrner serves to reduce the freezing point 
.."SIT' s *" foarn , s of the .' 183 P atert aredescribed as exhibiting improved abrasion resistance. This is contrib- 
2fh w ^J? 3 -^ff * he ^'^^ formalion - P 0 '^^- *>«»«*. add to the cost of the preporymer 
and have decreased misctMity (solubility) with polyethers such that the processing of the systems is difficult 
16 , Cmb ° d '" m ^ e modified isocyanates are also disclosed as suitable isocyanates for the production of integral skin 
foams m U.S. Patent 5.342,856. These isocyanates are reacted with an isocyanate-reactive component and a solution 
of a zinc carboxylate m an aiphatic polyamine. These solutions of zinc carboxyfates in aliphatic poryamines and water 
are essential to the preparation of integral sWn foams. 

An object of the present invention was to develop an MDI based prepofymer which would result in acceptable prop- 

S^7JlZlT^ n ^£T" **" t0 aWid me « other MegraTsWn foanTs 

including, for example, the cost of prepolyrners prepared from polyesters and/or carbodiirrode-modified isocyanates 
and the problems associated with boardiness when using prepc^yrnes rriade with tripropylene glycol. 
SUMMARY OF THE INVFMTIp M ■ <.. . 

25 ■ ■>■:, ' ■■■ 

; ,,. . Jhis invention relates to a process for the production of an integralsWn foam, arid the integral skin foam produced 
, by the process. This process compnses filling a dosed mold with a reaction mixture which comprises A) a stable liquid 
•'• MD^s^Prepolymer containing an allophmate-modifiedMDfwrthBJan Qabfow- 
Ing agent comprising water and D) at least one catalyst The A) stable, liquid MDI-based prepolyrners having an NCO 
X content of 5 to 30%. preferably of 15 to 29%, and more preferably of 18 to 27%, and containing an aflortiariate-modified 
. MDI, wherein the prepolyrner comprises the reaction product of : r 

1} an aliophanate-modified MDI prepared by reacting 

33 0 an aliphatic alcohol or an aromatic alcohol, wherein said alcohol contains less than 16, preferably less than 

9 carbon atoms, 
with 

») diphenylmethane diisocyanate comprising about 0 to 60% by weight of 2.4'-dtphenylmethane diisocyanate 
less than 6% by weight of the 2,2^iphenylrnethane diisocyanate, and the rest being 4,4'<liphenylmethane 



and 

2) a polyether polyof containing from 2 to 3 hydroxy! groups and having a molecular wa'ght of about 76 to 10 000 
preferably about 150 to about 6,000. 

Suitable isocyanate-reactive compositions comprise; 

1 ) from 80 to 99% by weight, preferably 85 to 97%, based on 100%bywffl'gritrjf<»rtponen1sB)1)andB)2),of one 
or more high molecular waght organic compounds containing at least 2, preferably from 2 to 3 isocyanate-reactive 
groups, and having a molecular weight of from about 2,000 to about 10,000, preferably from about 4,000 to about 
6,000. and 

2} from 1 to 20%. preferably 3 to 10%, based on the 100% by weight of components B)T) and B)2), of one or more 
low molecular weight organic compounds containing at least 2, preferably 2 to 3 isocyanate-reactive groups, and 
having a molecular weight of from 32 to 200, preferably 60 to 150. 

The reaction mixture also contains C) a blowing agent comprising water and D) at least one catalyst. This reaction 
mixture, inside the closed meld, is allowed to fully react to form the integral skin foam, and the resultant integral skin 
foam is removed from the mold. 
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This invention also relates to integral skin foams produced by the above process. 
DETAILED DES CRIPTION OF THE INVEMTTQ M 

5 ^Jf^ mK J^ MDi baS6d P^P 01 ^^ havin 9 a" NCO content of from about 5 to 30% preferably of 15 to 
29%. and more preferably of 18 to 27%, and containing an allophanate-mortfied MDI These staWe fouWMnfhl!^ 
Prepotymers corpse the reaction product of: 1) an allopha^attmodified .^^S5w 1i2 SSf 

iCss 

» Suftableljalloprranate-^^ liquid MDI based oreoolvmpr^m. 

pr.es the reaCon product of (,) an aliphatic alcohol or an aromatic alcohol, wherein Slcchd^^^^ 
575? I' T 9 ^ tm at0 ^ a " d {H) diisocyanate compn^g aSfoT^ S S i 

2.4 -diphenytoiethane dnsocyanate. less than 6% by weight of the 2.2-<li P heny!meW diisocvanSe^nd therein 

« example, .somenc butanote. isomeric propanols. isomeric pentanofs. isomeric hexanote cvclohexanoJ Y rlZwl 
no ^omoethanol. etc. Suitable aromatic alcohols for use in the ^Z Z^X^^Z^^Z 

J^LSTT St ^S*"* ^ ■'W* barred alip^aT^flSTr 
perrtanol. and 1 -propanol. Preferred aromatic alcohols are phenol and m-cresol. 

The diphenylmethane diisocyanate preferably comprises about 1 to 3% of the 2 ^-isomer of MDI n <n i<y m ,h. 
a stable liquid and has an NCO content of about 15 to 29%. i; anopnanate-modified MDI* also 

Suitable polyether polyols 2) to be reacted with 1) the allophanate-modif ied MDI to form the oresenth, «*» .i™* a* 

i*" ■ 1 T"ese Polyether pofyols may be obtained in known manner by the reaction of starting compounds which contain 
v , tefralTydrofuran.ep.chlorohydnn or mixtures orthese al^lene oxides. SuitaWe starting cotrpom 

r^drc^eths^lchexane,; 2-methyM.3- P ropanediof; 2,2,4-trimethy l -l,3- P entanediof, methylene glycol. fefraelM 
ene glycol, polyethylene glycol; dipropylene glycol, polypropylene glycol; dibutylen* glycol and pdSy lene qS 
% ' S^*^^ lie-heSetriol. S^ZZ^t 

methylol ethane, pentaerythntol, mannftol. sorbitol, methyl glycoside, sucrose, phenol, ,sononyl phenol, resorcinof hyd- 

JKpd MDI based prepolymer corrta.mng altophanate groups are those compounds having a functionality of 2 or3 
molecular weights of about 1.500 to about 6,000. and prepared by alteration of a suitable starter with ethylene oxide' 
propylene oxide or mixtures thereof. ' " 

The above described liquid MDI-based prepolymer containing altophanate groups is reacted with an isocyanate- 
M reactive composition to form an integral skin foam These isocyanafe-reactive compositions comprise B)1) one or more 
organic ^unds containing at feast 2. preferably 2 to 3 isocyanate-reactive groups and having a molecular weight 
of from about 2000 to about 1 0,000. preferably about 4,000 to 6,000, and 8)2) one or more organic ccmpoundTX 
tairang at least two, preferably 2 to 3 isocyanate-reactive groups and having a molecular weight of from about 32 to 
about 200, preferably about 60 to about 150. 
4s Suitable for use as organic compounds containing at least 2 isocyanate-reactive groups and having molecular 
weights of about 2,000 to about 10,000 include, for example, polyethers. polyesters, polymer poryols, PHD polyols fa 
dispersion of a polyurea and/or rx)lyhydrazcdicarb<)namioe in a relatively high molecular weight organic compound con- 
taming at least two hydroxy! groups), polythioethers, polyacetaJs. polycarbonates, and amine terminated polyethers 
containing at least 2 isocyanate-reactive groups of the type known for the production of polyurethanes. 
so Suitable high molecular weight polyethers for use in accordance with the invention are known and may be obtained 
for example, by polymerizing tetrahydrofuran or epoxides such as, for example, ethylene oxide, propylene oxide buty- 
lene oxide, styrene oxide or epichlorohydrin in the presence of suitable catalysts, such as, for example, BF 3 or KDH or 
by cherricaJly adding these epoxides, preferably ethylene oxide and propylene oxide, in admixture or successively to 
components containing reactive hydrogen atoms such as water, alcohols or amines. Examples of suitable alcohols and 
ss amines include the low molecular weight chain extenders set forth hereinafter propylene glycol, glycerin, ethylene gly- 
col, triefharafarrine, water, trimethylotoropane. bisphenol A. sucrose, aniline, ammonia, ethanolamine and ethylene 
diamine. It is preferred to use polyethers having a functionality of 2 or 3. molecular weights of about 1,500 to about 
6.000. and prepared by alkoxylation of a suitable starter with ethylene oxide, propylene oxide or mixturea'thereof. 



4 



EP 0 819 715 A1 



inn h!^ 8 m0 ' eCUlaf We, ' 9h ' CHain 6XtenderS ,0 be in the P 01 ^' m,xtufe lnclude Wc compounds contain- 
ing hydroxyl groups, am.no groups, and sulfhydryt groups which have molecular weights of about 32 to about aMSuft 

group containing chain extenders are preferred. ' ' 

s Some examples of suitable hydroxyl group containing compounds include glycols, such as, for example ethvlene 
^cd propyl^eglycol, t.a-andl.S^opanedid, 1,3-a^ 

propylene glycol, diethyl™ glycol (i.e. DEG), triethylene glycol (i.e. TEO), tetraethylene glycol te'ipyCe £" 
heptapropylene glycol, 2-methyl-1,3-prop a nediol. I.KMecanedW. neopantyl glycol, aJzT^SSel t' 
etc. Preferred chain extenders include ethylene glycol, 1,4-butanS.^d dk^ne ™ m ^ enta ^ 1 ' 3 - 

W «nn 2 l 6Se w inVerti0 1f 0 T' reS ^ 33 3 W0Wn9 a96nt " i8 3160 P 03 ^ 16 may be used in conjunc- 

tion wrth, ^erbtowmg agents suchas, for example, pentane, acetone, partially or completely fluoLted hydrocitoS 
and methylene chloride. It is preferred that water is used as the sole blowing agent n/orocamons, 
When water is used as the sole blowing agents, it is typically used in the present invention in quantities of between 
abort 0X5 to 1% by weight, and preferably between about 0.35 to 0.7% by weight, based on ^ZZbwZ 
15 (B-side) of the formulation. Of course, as described above, water maybe used in SZI other 

SS 9 aS6 !!! S " ^ a ^ 0Ve u ran 9 eS fof 38 a SOte blowing agent are exceeded when mixtures of water and another 
tries which are typical of a conventional process for producing an integral sWn foam 
J****. * re 3150 to b * Present in the reaction mixture according to the present invention. Suitable cata- 

20 lysts include, for example, tertiary ajTiinecatarysts arxj organornetallic catalysts. 

Some examples of suitable organometallic catalysts include, for example organometaDIc compounds of tin lead 
iron, bismuth, mercury, etc. Preferred. organotjn catalysts include compounds such as, for example tin acetate tin 
octoate. tin ethylhexanoate. tin oleate, tin laurate. dimethyltJn dilaurate, dibutyttin oxide, dibutyffin dichlonde. dimethyltin 

• « tmnZ^^^l^^T'^' 6 ^'!^^?' dm ^ BndaMte, ^^ t ^ d ^u t ^e.diethyltindflaurate,dirneth- 
25 yitin dilaurate. dibutyttin maleate. dimethyltin maleate. dioctyltin diacetate. dioctyttin dilaurate. di(2-ethylhexyl)tin oxide 
eta Deteyed action or heat-activated tin catalysts such-as. for example, dibutyln dimercaride dibu^inlisoocX 
ercaptoacetate. dimethyltin dimercaptide. dibutyrtin dilaurylmercaptide, dimethyrtin dilaurylmercaptide, dimethyltin 
. d.tsrxctylmercaptoacetate, di(n-c«tyrninbisfls<x)(^mercaptoa^)^ anddi(teooctyl)tin c4s(«ooc1^ercap1oac fe i7te) 
1 I' 9 com,nerc!ai ' y avaBat3,e ,rom m °° Chemica < Corp.. are especially preferred. The use of a deteyed action 
• so catalyst such as an iron pentanedione or a bismuth carboxylate. as described in U.S. Patent 4,61 1 ,044, herein incomo- 
rated by reference, is also possible-. ^ 
Suitable heat-activated catalysts for the present invention are amine salts. These catalysts include aliphatic and 
aromatic tertiary amines. Suitable heat-activated amine salts include compounds such as. for example DABCO 8154 
commercially available from Air Products, a formic acid blocked triethylene diamine, and other delayed action catalysts 
as such as DABCO WT. also commercially available from Air Products; and Polycat SA-1 and Polycat SA-102 which are 
both acid^ocked versions of 1,8-diazabicyclc{5.4.0]undecene.7 (i.e. Polycat DBU) and commercially available 
from Air Products. Tnalkyl amines and heterocyclic amines are also suitable for the present invention Suitable 
compounds include, for example, trimethylamine, triethylamine. trforopylamine, tributytamine, dimethylcyclohexylamine 
dibutylcyciohexylamine. dimethylethanolamine, triethanotamirte, oiethylethanolarnrne, ethyldiethanolamine dimeth- 
40 ylisopropanolamine. triisopropanolamine, triethylene diamine. tetramethyl-1,3-butanediamine, N.N.NT l^feframethyl- 
ethylenediamine. N.N^X-tetramethylhexanediamine.1,6, N.N.N^^N"-pentamethyldie^hylenetriamine. bis(2- 
dimethylaminoethoxy)-methane. N.NK-trimethyl-NH2-hydroxyethylethyldiamine, N.rWimethyl-N-.Nr-(2-hydroxyethyO- 
ethylenediamine. tetramethylguanidine, N-methytoiperidine, N-ethyfpiperidine, N-methylmorpholine, N-ethytmorpho- 
line, 1.4^metriytoiperidine, 1.2,4-trimethylpiperidine, N-(2-dimethylaminoethyl)-morphofine, 1-m8thyi-4-(2-dimethyl- 
45 aminoj-piperidine, l,4-diazaWcydo-[2.2.2Joctane, 2-methyl-l,4<liazabicycto[2.2.2]octane quinuclidine, 15- 
diazabicydorSAOJ-S-undecene, and l,5-<flazablcydo[4.3.0]-5-nonan& 

C)rganometalc catalysts are usually used in amounts ranging from about 0.005 to about 0.5% by weight preferably 
about 0.02 to 0.4% by weight, based on 100% by weight of the pofyol-side (B-side) of the formulation. Tertiary amine 
catalysts, or salts thereof, are advantageously used in amounts ranging from about 0.05 to about 2% by weight prefer- 
so ably about 0. 1 to about 0.5% by weight, based on 1 00% by weight of the polyol-side (B-side) of the formulation. It is 
preferred that the total quantity of catalysts be such that they comprise less than 2% by weight, preferably less than 1 % 
by weight of 100% by weight of the polyol-side (B-side) of the formulation. 

It is also possible that various additives and/or auxiliary agents may be included in the formulation. Some examples 
of suitable additives include surface-active additives such as emulsifiers and foam stabilizers. Examples of these 
ss include N-stearyl-N'.N'-bis-hydroxyetiiyl urea, oleyl polyoxyethyiene amide, stearyl diethano! amide, isostearyl dieth- 
anolarrtide, polyoxyethyiene glycol monoleate, a perrtaerythnWadipic acid/oleic acid ester, a hydroxy ethyl imidazole 
derivative of oleic acid, N-stearyl propylene diamine and the sodium salts of castor oil sulfonates or of fatty acids. Alkali 
metal or ammonium salts of sulfonic acid such as dodecyl benzene sulfonic acid or dinaphthyl methane suffonio acid 
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ami also fatty acids may be used as surface-active additives. 

Suitable foam stabilizers include water-soluble polyether staes. The structure of these comoounds is qenarallv 

tm dyes, f Hers and reinforcing agents such as glass in the form of fibers offtakes or carbon fitTs 

As used herein, the phrase "poryol-side" or "B-side" refers to the mixture which contains the isocyanate-reactrve 
compos.bons B)1) and B)2). the blowing agent C). the cataVst D). and any other additives orVS^Z^Z 
were mixed in with these prior to reaction with the isocyanate A) bs or auxmary agents which 

" Wlwmg examples further iff ustrate details forthe process of this invention. The invention, which Is set forth in 

the foregoing disclosure, .s not to be limited either in spirit or in scope by these examples Those skilled in Z art Jll 
read^y understand that known variations of the Miens the fc^ 
noted, all temperatures are degrees Celsius and aH parts are parts by weight. 

20 EXAMPLES 

The following materials were used in the working examples: 

Isocyanate A: an allophariatewnodfied isocyanate prepdymer having an NCO content of 23.4%, prepared by react- 
as ing 100 parts of MDI having an isomer distribution of 98% of the 4,4Wsomer and 2% of the 2 4 1 -isomef 
wah 3.4 parts {0.57 equivalents) of 1-bufanol, to yield an intermediate which was then reacted with 8 6 
• parts of tripropylene glycol. 

isocyanate B: an isocyanate prepoiymer having an NCO content of 23%, prepared by reacting 100 pans of pure ' 
monomerte MOl (containing 38% of the ^'-isomer and 2% of the 2.4Msomer). with 15.9 parts of 
' tripropylene glycol. 

ftXycl A: a glycerine initiated polyoxyafkylene trio having an OH number of 28, and prepared from 87% orocvl- 
, ene oxide and 1 3% ethylene oxide. ^ W 

£G: Ethylene glycol 

Catalyst A: a diaikyftin dimercaptide catalyst, commercially available from Wrtco Corporation as UL-1 
Catalyst B: a tertiary amine containing catalyst, comrneraally available from Air Products Inc. as Dabco 33LV. 
Catalyst C: A tin-containing catalyst commercially available from Tylo Industries as Topcat 290. 

The following B-side was used in the examples: 

PolyolA 100 parts 
EG 4.79 parts 

Catalyst A 0.053 parts 
Catalyst B 0.63 parts 
Catalyst C 0.265 parts 
Water 0.45 parts 

In the examples, the following procedure was used to prepare the foams. In each instance, a Kymofoam Type KF- 
IS-202 foam machine was used under the following conditions: 

a) the temperature of both the A-skJe and the B-side was about 30°C, 

b) tiie mold temperature was about 50°C, 

c) throughput was about 60 gm/sec, and 

d) the isocyanate index was 1 00. 

Molded parts were made by pouring the liquid reaction mixture into a 20.3 cm x 20.3 cm x 2.54 cm (8 inch by 8 inch 
by 1 inch) aluminum plaque mold and demolding in about 3 and one half minutes. The parts were tested for density, 
shore A hardness, tensile strength, elongation, die C tear, block tear and abrasion resistance with the results reported 
in Table 1. The densities reported in Table 1 were obtained by measuring the mass (in grams) of the molded part and 
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dividing the mass by the volume of the mold In cubic centimeters. 
Example A: (comparative) 

Incto (SlS^ 3 " 6 f0am Pr6Pared * reaCtin ° IS0Cyanate B 1,16 B ^ ide desCT ' b8d hereinabove at an NCO 
Exampla B: (comparative) 

Ir^oTS 9 ^ 8 f ° am PreP3red ^ reaCfin9 IS0Cyanat8 8 w ' ,h the desalted hereinabove at an NCO 
Example 1: 

Index o^!T hane ^ * reaCti " 9 ,S0Cyanate A ^ fte d6SCribed h ««"above at an NCO 



^^ryurethane foam was prepared by reacting Isocyanate A with the B-side described hereinabove at an NCO 



i ^^wethan* foam was prepared by reacting Isocyanate A with the B-skte described hereinabove at 
rndexofiOO. ■• . 

Physical properties were determined for each foam using the following ASTM test methods. 

. Shore A hardness. ASTMD-2240 • - 

tensile strength: ASTM D-41 2 

atengatjon: ASTM 0-412 

die C tear: ASTM D-624 and D-3489 

block tear: ASTM D-3574F 

Taber abrasion resistance: ASTM D-3489 



Table 1 



40 


[ Physical properties of foams 






Example 1 


Example 2 


Example 3 


Example A 


Example B 




Density (pcf) 


22.5 


28.1 


34.3 


18.7 


28.6 




[ Hardness (Shore A) 


27 A 


34 A 


43A 


20 A 


38A 


45 


I Tensile strength of sWn (psi) 


241 


311 


396 


159 


271 




Tensile strength of core (psi) 


167 


239 


303 


168 


266 




Elongation of skin (%) 


328 


344 


352 


233 


269 


50 


Elongation of core (%) 


320 


342 


339 


274 


286 




Die C tear (pli) 


42 


59 


71 


25.2 


39.8 




Block tear (pli) 


10.8 


12.7 


14.3 


5.4 


8.8 




Taber Abrasion resistance (mg/ioo cycles) 


74.2 


16.9 


30.2 


400 j 


191 j 



Although the invention has been described in detail in the foregoing for the purpose of illustration, it is to be under- 
stood that such detail is solely for that purpose and that variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention except as it may be limited by the claims. 
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A) a stable liquid MDI-based prepoiymer having an NCO content of 5 to 30%, and containing an afloohanate 
mcdrf.ed MDI. wherein said prepoiymer comprises the reaction product of: allophanate- 

^ 1) an allophanate-modified MDI prepared by reacting 

Mnjafiphatic alcohol or an aromatic alcohol, wherein said alcohol contains less than 16 carbon 
with 

U dPhenylmethane diisocyanate comprising about 0 to 60% by weight of 2,4--dtohenylmethane diiso- 
cyanate less than 6% by weight of the 2,2--dipheny!methane diisocyanate, arxTthe rZ bSg - 
diphenyimethanediisocyanata. * 

and 

20 f 000? yeUler ^ C ° ntainin9 fr0m 2 to 3 hydfQxyl and havin 9 a "^'ecuter weight of about 76 to 

B) an isocyanate-reacfive composition comprising: 

i^Z 80 ,0 ^ b/ WSiSW ' b3Sed °" 100% by weight «* «"^°"«"ts 6)1) and B)2). of one or more high 
a . f motocutar weight organic compounds containing at least 2 socyanate-reactive groups, and havrng a 
molecular weight of from about 2.000 to 10,000. ^ a 

and . .. . , . - . 

2) from Ito 20%. based on the 100% by weight of components B)l) and B)2). of one or more low molec- 
ufar weigm organs compounds containing at least 2 isocyanate-reaclive groups, and having a molecule 
* weight of from about 32 to about 200. ™ 

G) a blowing agent comprising water; 
and 

D) at least one catalyst; 

» * allowing said reaction mixture to fully react, and removing the resultant foamed part from the mold. 

2. The process of Claim 1. wherein said stable, Md MDI-based prepoiymer has an NCO content of about 15to29% 
by weight, and comprises the reaction product of 

o 1) an allophanate-modified MDI prepared by reacting: 

i) an aliphatic alcohol or an aromatic alcohol which contains less than 9 carbon atoms, 

iD diphenylmethane diisocyanate comprising about 1 to 3% by weight of the 2.4'isomer about 0 to 1% by 
; weight of the 2 l 2Msomer and about 96 to 99% by weight of the 4,4 , -isomer, 

and 

2) a polyether polyol having a molecular weight of about 150 to about 6,000. 

3. Theprocessof Claim 2, wherein said aliphatic alcohol 1)0 is selected from the group consisting of 1-butanol 1-pen- 
tanolandl-propand. 

4 * ^ > ^ 0CeSS °* 2 ' Where,n ^ ar ° matiC 3100,101 1)0 ' S Selected from 4,8 sroup consisting of phenol and m- 
5. The process of Claim t, wherein B) said isocyanate-reactive composition comprises 

1) one or more high molecular weight organic compounds containing 2 to 3 isocyanate-reactive groups and 
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having a molecular weight of about 4,000 to 6,000, 

and 

7. An integral skin foam produced by the process of Claim 1 . 



is 



35 



40 



45 



50 



55 
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